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INTRODUCTION
Gout is the most common form of crystal-induced arthritis and results from the deposition of monosodium urate (MSU) crystals in the joints. The global burden of this condition is substantial and is increasing [1] . The prevalence of gout in Korea was reported to be 0.4% in 2008 and increased by 2. 2008 [2] . As gout is a potentially curable disease, an appropriate diagnosis is essential to achieve a successful treatment outcome.
A clinical diagnosis of acute gouty arthritis can be made on the basis of a typical presentation, according to the 1977 criteria of the American College of Rheumatology (ACR) and recommendations from the European League Against Rheumatism (EULAR) [3, 4] . However, episodic acute arthritis, a hallmark of gout, can also develop in patients with various other diseases [5] . Therefore, acute attacks with rapid development of severe pain, swelling, and overlying erythema are not specific for gout. Gouty tophus may be confused with rheumatoid nodules or tophaceous pseudogout. Furthermore, hyperuricemia, a major risk factor of gout, is not a key diagnostic sign. Only 16% of males with hyperuricemia had gout [6] and one quarter of patients with gout attacks showed normouricemia in Korea [7] . Especially, in cases with chronic or polyarticular gout, it may be difficult to establish a diagnosis of gout based on clinical f indings. In this context, identification of MSU crystals is considered the gold standard for diagnosis of gout, although the sensitivity of detection of MSU crystals in the synovial f luid (SF) varies from 50% to 84% [3, [8] [9] [10] [11] .
There have been no studies regarding the sensitivity of SF crystal examination and the factors associated with false-negative results in Korean patients with gout. In the present study, we investigated the detection rate of SF MSU crystals in patients with acute gouty arthritis and the clinical factors associated with false-negative results by comparing crystal-positive and crystal-negative patients.
METHODS

Data sources and study subjects
All data in the present retrospective study were collected from the clinical data warehouse of two university hospitals. We searched the data warehouse to identify patients with a diagnosis of gout, who had undergone SF examination from October 1999 to September 2011. After a review of the medical records of 217 patients (238 SF samples), 16 patients with unclassified acute arthritis (16 samples), 13 patients with intercritical gout without acute symptoms (14 samples), seven pseudogout patients (eight samples), one osteoarthritis patient, and one patient with concomitant septic and gouty arthritis were excluded. A total of 179 patients (198 SF samples) were classified as having acute gouty arthritis according to the 1977 ACR classification criteria (Fig.  1) [3] . The study was approved by the local ethics committees (IRB-No. B-0506/021-004 and H-1304-020-478).
Clinical and laboratory variables
Demographic data and clinical features, including the number of involved joints, interval from onset of symptoms to SF analysis, associated systemic symptoms, and treatment, were collected. In addition, patient histories regarding medications, alcohol consumption, and comorbidities were obtained. Laboratory variables were acquired on the day of arthrocentesis.
MSU crystals in the SF samples were identified by the Department of Laboratory Medicine (LM) and/or Rheumatology (RH) in both hospitals. Polarized light microscopy (Eclipse E600POL, Nikon, Tokyo, Japan; Axioscope A1, Carl Zeiss, Jena, Germany) was used to identify needle-shaped crystals with strong negative birefringence. Of the 198 samples, 123 (62.1%) were examined by both the LM and RH departments, 68 (34.3%) were examined by only the LM department, 
RESULTS
Clinical characteristics of study subjects
The clinical characteristics of the study subjects are summarized in Table 1 . The subjects were predom- When stratified by institutions, there were no differences in clinical characteristics between gout patients diagnosed by each hospital, with the exception of disease duration (13.5 ± 7.0 years vs. 9.9 ± 7.4 years; p = 0.001 by t test). The distributions of crystal-positive and crystal-negative cases were comparable between the two hospitals. When subgroups based on the departments that performed the crystal examination were compared, the number of cases with monoarticular involvement examined by the LM department was greater than that examined by both departments (74.6% vs. 48.4%, respectively; p = 0.001 by chi-square test).
Clinical factors associated with MSU crystal-negative gout
Overall, the detection rate of MSU crystals was 78.8% (Table 2 ). There were no differences in the distribution of comorbidities, current medications, patients currently consuming alcohol, SF or peripheral blood leukocyte counts, and levels of serum uric acid between crystal-positive and crystal-negative patients on univariate analyses. However, the crystal-negative group had significantly lower levels of serum C-reactive protein (CRP, 8.1 ± 6.5 mg/dL vs. 10.9 ± 9.1 mg/dL, respectively; p = 0.04 by t test), and tended to have a longer time interval between the onset of gout attacks and SF analysis (4.5 ± 5.1 days vs. 3.0 ± 2.8 days, respectively; p = 0.087) compared to the crystal-positive group. On We repeated the analysis after stratification by testing department. In the samples examined by the LM department alone, crystal-negative gout had a significantly longer interval from onset of symptoms to SF crystal examination (4.
Interobserver variability of the analysis of MSU crystals in SF
Although the detection rate of MSU crystals was 51.8% in samples examined by the LM department, it was 93.8% in those examined by the RH department. Due to this discrepancy, we evaluated interpretative agreement for MSU crystal identification using 123 samples, where polarized microscopic examination was conducted by both departments (Table 3 ). Patients undergoing arthroscopic surgery had a signif icantly longer hospital stay than the 19 patients (10.5%) hospitalized for medical treatment (18.4 ± 12.6 days vs. 8.9 ± 6.7 days, respectively; p = 0.007 by t test). Furthermore, anti-inf lammatory drugs for gouty attacks were administered significantly later in patients undergoing surgical treatment than in those receiving medical treatment (5.0 ± 3.4 days vs. 0.4 ± 0.8 days, re- 
Treatment and clinical course after SF crystal examination
DISCUSSION
Detection of MSU crystals in SF or tophus aspirates has been the "gold standard" in the diagnosis of gouty arthritis since McCarty and Holander [13] identified the crystals in gouty SF. The recent EULAR recommendations indicated that MSU crystal identification has a specificity of 100% (95% CI, 99 to 100) and a likelihood ratio of 566.60 (95% CI, 35.5 to 9,053.5). However, SF MSU crystals may not be found in up to 25% of patients with acute gouty arthritis [14] . The suggested causes of MSU crystal detection failure include SF sampling error, the presence of only ultramicroscopic crystals (i.e., crystals too small to be observed by microscopy), the presence of only spherical "beach balllike" crystals, and the dissolution of crystals [15, 16] . In the present study, delay in visiting the hospital was the only significant clinical factor associated with crystal-negative gout on multivariate analysis. Spontaneous resolution within approximately 2 weeks is a characteristic feature of acute gouty arthritis. The mechanisms underlying the self-limiting nature of gouty inf lammation may include a decrease in MSU crystal load, changes in crystal-coating proteins, clearance of apoptotic neutrophils, and induction of anti-inf lammatory cytokines, including transforming growth factor (TGF)-β, from MSU crystal-stimulated macrophages [17, 18] . With regard to the load of MSU crystals, myeloperoxidase and superoxide anion can digest or dissolve the crystals, and noninflammatory macrophages (differentiated from initially immature monocytes) can more avidly take up MSU crystals [19] . Pascual et al. [20] found that the number of MSU crystals per field decreased in the second SF samples that were aspirated 6 to 8 days after the first SF aspirate was obtained. Thus, the later the SF sample is aspirated from gout patients, the greater the decrease in MSU crystal load that can be expected. von Essen and Holtta [21] reported that the incidence of false-negative results was 0% to 38% when MSU crystals were abundant and up to 67% when they were rare. However, MSU crystals are detectable even in SF samples from patients with subclinical arthritis or intercritical gout [22] . In addition, the mean difference in interval from onset of symptoms to SF aspiration was only 1.6 days in the present study. Therefore, the delay in visiting the hospital could not be considered critical to the failure of MSU crystal detection.
In the present study, the number of cases examined by technicians from the LM department was higher than that examined by clinicians (192 samples vs. 134 samples, respectively). In a survey in the United Kingdom, crystal examination was performed by more technicians (69%) than clinicians (31%) [23] . This is partly because clinicians may not have sufficient time to examine SF samples immediately. In addition, nonrheumatologists who treat patients with acute arthritis lack experience in SF evaluation or have limited access to polarized microscopy equipment. Missing data in the present study may have another cause; rheumatologists performed SF crystal examination without a laboratory order because the Korean National Health Insurance Corporation reimburses the service only when it is performed by clinical pathologists. Regardless of the cause, sending the sample to a laboratory for crystal examination could increase the risk of a false-negative result due to the delay in SF analysis. Kerolus et al. [24] reported that the number of SF leukocytes decreased within a few hours after SF aspiration and the MSU crystals became smaller in size and number and less birefringent over time. As SF crystal examination is conducted only during regular hours in the LM departments of our hospitals, it is possible that the delay in examination contributed to the false-negative results. More importantly, SF crystal examination is known to be observer-dependent even though the accuracy is high if the test is performed by experts. In a recent systematic review, Swan et al. [14] reported that the analytical sensitivity ranged from 63% to 78%. Interobserver reliability (κ) was reported to range from 0.35 to 0.63 [8] . The present study showed poor interobserver reliability (κ, 0.108) and a marked difference in detection rate between the LM and RH departments (51.8% vs. 93.8%). Pascual et al. [22] detected the crystals in the first microscopic field in 61% of samples and in the first 5 fields in 90% of samples. The number of fields examined by the RH and LM departments, before the absence of MSU crystals was decided, may be different. Although technicians at the LM departments are not aware of the clinical status of the patients, rheumatologists, who highly suspect gout in a patient, exert greater effort in detecting the crystals. Another explanation for the difference in detection rate between the departments may involve training process in SF analysis. In the present study, the LM department analyzed approximately seven to nine SF samples for gout per year (191 SF samples analyzed at two institutes over 12 years). Consider ing t he change in t he technician-in-charge at the LM department, the level of experience may not be adequate for accurate SF crystal analysis. In contrast, in the RH departments at each hospital, most SF crystal analyses were performed under the supervision of faculty. Lumbreras et al. [25] reported that inexperienced residents demonstrated a sensitivity of 95.3% and specificity of 97.2% (κ index, 0.93) for identification of MSU crystals after a 3-month training course. Therefore, an appropriate training program in crystal identification should be developed to reduce the occurrence of false-negative results.
Ho and DeNuccio [26] reported that 17 of 67 patients (25.3%) with acute gouty arthritis or pseudogout experienced delayed diagnosis or ineffective treatment before rheumatologic consultation. In the present study, 16 patients (8.9%) underwent emergent arthroscopic surgery due to suspected septic arthritis before rheumatology consultation. As clinical manifestations of septic and crystal-induced arthritis often overlap and the mortality rate of septic arthritis is high, it is recommended that patients with acute arthritis with overlying erythema should be treated as having septic arthritis until proven otherwise [27] . Moreover, the presence of MSU crystals in the SF aspirates does not conclusively exclude the possibility of an infectious process, as several groups have reported the coexistence of septic arthritis in patients with acute gout attacks (0.5% to 4% of crystal proven gout or 1.3 to 2 cases per year) [27] [28] [29] [30] [31] . However, our results demonstrated that failure to detect MSU crystals negatively affects the outcome in patients with acute gouty arthritis. Patients undergoing surgical drainage were hospitalized for a longer period and received the recommended treatment for acute gouty arthritis significantly later than those who received medical treatment alone.
In conclusion, a false-negative result can lead to a significant delay in proper diagnosis and treatment as MSU crystal examination has unique diagnostic value.
KEY MESSAGE
1. The overall rate of false-negative results for synovial f luid monosodium urate (SF MSU) crystal examination in the present study (the first conducted on this topic in Korea) was 21.2%. 2. False-negative results for MSU crystal examination were associated with surgical treatment, and led to significantly longer hospital stays and delays in adequate treatment for acute gouty arthritis. 3. As the detection of SF MSU crystals is highly observer-dependent, an appropriate qualitycontrol program is required. As the identification of SF MSU crystals is largely observer-dependent, systematic efforts should be made to improve the diagnostic performance of microscopic examination for MSU crystals.
